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Abstract. The vertical distributions of the limpet Acmaea jamaicensis and the littorines Nodilittorina 
tuberculata, N. ziczac, and Littorina meleagris were investigated on a vertical limestone block on the west 
coast of Barbados, W.I. Three vertical experimental plots and one vertical control plot were fenced off 
on the limestone block. In each of the experimental plots all gastropods except for one species of littorinid 
under study were removed. The control plot contained the natural density of all species of gastropods. 
Significant differences in distributional patterns were recorded between the experimental and control 
plots for all littorinid species after a 20-day period. When L. meleagris was living sympatrically with 
different experimental densities of A. jamaicensis, its distributional patterns were also shown to differ 
significantly, while reciprocal effects of L. meleagris on A. jamaicensis were not noted. Both sets of 
experimental data indicated the existence of interspecific competition among the four species of gastro¬ 
pods. In addition, variation among the three littorinids in functional morphology of the mantle cavity, 
and survival in air and water, were investigated, and the significance of these findings to the vertical 
distributional patterns of the four species was discussed. 


INTRODUCTION 

Species of littorinid snails are common inhabitants of upper 
intertidal and supratidal areas on many ocean shores. In 
this high intertidal-level position, conditions may be more 
terrestrial than marine, and the animals may spend con¬ 
siderable portions of their lives exposed to air, or perhaps 
wetted only from wave splash or spray. As a consequence, 
drying, exposure to damaging wavelengths of light, re¬ 
duced feeding time, and possible heightened risk of pre¬ 
dation may be important determinants of survival and 
distribution. 

The means by which motile organisms position them¬ 
selves at specific levels on the shore have commanded much 
attention over the past two decades, and gastropods have 
featured in a number of important studies of this topic 
(e.g., Connell, 1961,1970; Dayton, 1971; Menge, 1976; 
Lubchenko & Menge, 1978; Garrity, 1984). Compe¬ 
tition, as one specific mechanism involved in modifying 
and regulating community patterns in the intertidal area, 
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has been extensively investigated in gastropods (Kohn, 
1959; Haven, 1973; Stimson, 1973; Branch, 1975a, b, 
1976; Underwood, 1976, 1978; Black, 1979; Creese, 
1982; Creese & Underwood, 1982). However, while 
competitive interactions can be identified in gastropods and 
their effects often measured (by removing the competitive 
dominant), the actual function of competition in regulating 
patterns of distribution in intertidal snail populations is 
not clear. This has been emphasized by Underwood (1979) 
in his comprehensive review of the ecology of intertidal 
gastropods and, more recently, by Creese (1982) and 
Creese & Underwood (1982), who have shown that a 
competitively dominant species of grazing snail, while re¬ 
ducing the numbers or growth rates of other species of 
grazing snails, may not affect their patterns of distribution. 
Notwithstanding the observation by Choat (1977), that 
removal of the limpet Collisella (now Lottia) digitalis from 
its high-level intertidal position allowed another limpet C. 
paradigitalis (now Lottia strigatella\ LlNDBERG, 1986) to 
move to a higher than normal position, Creese & 
Underwood (1982) suggest that no competitive interac¬ 
tion between any species of intertidal grazing gastropods 
has been demonstrated to determine limits of distribution, 
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save for the special case of territorial limpets ( e.g ., as in 
the studies of Sutherland [1970], Stimson [1973], and 
Black [1979]). 

In the present study we have investigated the possible 
role of competitive exclusion in defining distribution of 
three species of littorinid snails in Barbados, West Indies: 
Nodilittorina tuberculata Menke, 1928, Nodilittorina ( No - 
dilittorina ) ziczac (Gmelin, 1791), and Littorina meleagris 
Potiez & Michaud, 1838. Nodilittorina tuberculata is the 
numerically dominant of the three species, with a vertical 
distribution almost identical to that of N. ziczac. Littorina 
meleagris occurs at the lowest tidal level and is spatially 
separated from the other two littorinids, but its distribution 
overlaps almost completely that of the limpet Acmaea ja- 
maicensis Gmelin, 1791. The biology of this limpet species 
is not well known. It appears to be a non-homing form, 
but with fairly strong “site-attachment” tendencies (i.e., 
its movements are limited). Because of its potential inter¬ 
action with L. meleagris, it was included in certain of the 
studies on competition. In addition, we investigated the 
degree of aerial exposure, survival in air and water, and 
aspects of ctenidial morphology in relation to possibly dif¬ 
fering modes of oxygen uptake in the three littorinid species. 

Description of Habitat 

The study site was located on the west coast of Barbados, 
West Indies, at Six Men’s Bay (13°16'N, 59°38 / W), 6.5 
km north of the Bellairs Research Institute of McGill 
University. It consisted of an irregular beach-rock platform 
which was exposed at low tides and was occupied by a 
variety of snails, limpets, sea urchins, and algae. Two 
artificial berms, constructed of symmetrical limestone 
blocks, faced onto the beach-rock platform. Each provided 
a vertical intertidal surface measuring 2.1 m wide and 1.8 
m high. The bases of the blocks were about 0.45 m above 
mean lower low water (MLLW). The faces of the blocks 
were completely exposed at most low tides, and were im¬ 
mersed to 1.2 m height and splashed to 2.0 m height on 
high monthly spring tides. Predominant gastropods on the 
vertical faces were the littorines Nodilittorina tuberculata 
(1.7 cm in length), N. ziczac (1.5 cm), and Littorina meleagris 
(0.5 cm), and the limpet Acmaea jamaicensis (1.3 cm). A 
variety of green algae and mixed diatoms formed a film 
over the vertical faces of the limestone blocks. Mean daily 
air temperature during the period of study (May-June) 
was 28-30°C; surface sea temperature was 28.5°G; and 
surface sea salinity was 32.0-33.0 %o. 

One limestone block provided the means to assess tem¬ 
poral changes in the distribution of each species of littorine 
with and without the presence of the other species of lit¬ 
torines. The other limestone block permitted study of the 
interactions between the low intertidal-inhabitants, the 
limpet Acmaea jamaicensis and the lowest-dwelling litto¬ 
rine Littorina meleagris. Preliminary observations showed 
that there was considerable overlap in the vertical distri¬ 
butions of the highest-dwelling species Nodilittorina tuber¬ 


culata and N. ziczac, and some overlap of the lowest portion 
of the distribution of these species with that of the lowest- 
dwelling littorinid species L. meleagris, hence, providing 
potential for competition. Analysis of gut contents of all 
three species collected at high tide showed that similar 
foods were being eaten (see below) and the three species 
of littorines were also similar in their preferential occu¬ 
pation of depressions in the surface of the limestone; thus, 
competition could have been for either or both food and 
space. 

Food Eaten 

Six samples of epilithic algae were scraped from the 
experimental blocks using a stiff brush and fixed in 8% 
seawater-formalin. The samples were collected from six 
evenly spaced intertidal heights. Examination of the sam¬ 
ples revealed that from 0-90 cm height in the blocks there 
was abundant growth of diatoms, algal sporelings, and 
other unicellular and filamentous species of green algae 
(0.45-1.35 m above MLLW), with a thicker-walled uni¬ 
cellular alga growing above 90 cm. Ten snails of each 
species were collected at high tide from the study site and 
preserved in 8% seawater-formalin in the field. Their stom¬ 
ach contents were compared to the algal samples and re¬ 
vealed that each species was grazing on the algal species 
occurring at its preferred vertical height. Acmaea jamai¬ 
censis and Littorina meleagris appeared to graze indiscrim¬ 
inately on algal flora occurring between 0-90 cm, and 
seemed to eat similar food items. Nodilittorina tuberculata, 
on the other hand, had a predominance of thick-walled 
unicellular algae representative of a higher intertidal po¬ 
sition. Nodilittorina ziczac, though significantly overlap¬ 
ping the distribution of N. tuberculata, had more variable 
stomach contents indicating less selective grazing. 

Competitive Interactions of Littorines 

One limestone block was divided into four vertical plots, 
each being 50 cm in width and extending the entire in¬ 
tertidal height to about 20 cm above the high tide mark. 
Fences, constructed of 10-cm high aluminum mesh embed¬ 
ded in Z-SPAR epoxy putty, separated the plots and pre¬ 
vented animals from crossing from one to another. All 
snails, including limpets, were removed from three of the 
plots to leave one species only of littorinid snail in each of 
the plots; the fourth plot was left as a control. One day 
following this removal and thereafter at approximately 

7- day intervals for 20 days, counts were made of individ¬ 
uals of all three littorinid species in 30-cm contiguous 
bands beginning from the lowest part of each plot (0 cm 
height in the block) and working upwards. Counts were 
made at both low tide and high tide (latter only from day 

8- 9) for each species. Temporal differences in distribution 
of a species in an experimental plot relative to its distri¬ 
bution in the control plot were analyzed using a Mann- 
Whitney U test. We hypothesized that if competitive in- 
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Nodilittorina tuberculata 



DAYS FOLLOWING REMOVAL 
OF OTHER SPECIES 
Figure 1 


Temporal changes in distributional patterns of Nodilittorina tuber¬ 
culata at high and low tides on limestone blocks in Barbados, 
W.l. The experimental animals occupied a plot where all other 
species of snails were removed. Their distribution is compared 
with the distribution of the same species in a control plot where 
all species were present. Each point represents the mean of 147- 
194 animals for the high-tide curves and 125-214 animals for 
the low-tide curves. Probability levels (one-tailed format) are 
determined from the Mann-Whitney U statistic calculated from 
the total distribution represented by each mean value. The his¬ 
tograms show distributions in bands of 30-cm height for each 
plot, expressed as percentages, for the starting and finishing days 
(control = closed circles, experimental = open circles). Width of 
each histogram indicates relative abundance. 

teractions, possibly of the interference type, were restrict¬ 
ing movements of the littorinid species, it would likely be 
downward for the uppermost species Nodilittorina tuber¬ 
culata, upward for the lowermost species Littorina melea- 
gris, and perhaps either way for the smaller of the up¬ 
permost species N. ziczac. Consequently, the analyses were 
one-tailed in the first two instances and two-tailed in the 
third. Because the distribution of a species in its experi¬ 
mental plot was compared simultaneously with its distri¬ 
bution in the control plot, any variation in distributional 
pattern due to environmental factors such as temperature, 
tidal exposure, or desiccation, assumed to affect a species 
alone or when in sympatry, would be taken into account. 

Changes in distribution of each of the littorinid species 
in control and experimental plots over the 20-day exper- 


Nodilittorina ziczac 



DAYS FOLLOWING REMOVAL OF OTHER SPECIES 
Figure 2 

Temporal changes in distributional patterns of Littorina ziczac 
at high and low tides on limestone blocks in Barbados, W.l. Each 
point represents the mean of 20-32 animals for the high-tide 
curves and 19-35 animals for the low-tide curves. Probability 
levels (two-tailed format) are determined from the Mann-Whit- 
ney U statistic calculated from the total distribution represented 
by each mean value. Other details as specified for Figure 1. 

imental period are shown at both high and low tides in 
Figures 1-3. Two major points are evident from these 
data. First, in the absence of the other gastropod species, 
the distribution of a given littorinid species changed sig¬ 
nificantly (all save for Nodilittorina ziczac at high tide). 
For two of the species the direction of movement was as 
predicted—namely, a movement of N. tuberculata down¬ 
wards (P = 0.01 and 0.02 for comparisons of control and 
experimental distributions in each of high- and low-tide 
situations, respectively; Mann-Whitney U test), and a 
movement of Littorina meleagris upwards (P < 0.001 for 
comparisons of control and experimental distributions on 
day 20 in both high- and low-tide situations). The third 
species, N. ziczac, moved upwards in the absence of the 
other species of gastropods, although the day-20 difference 
between control and experimental distributions was only 
significantly different in the low-tide situation (P < 0.01), 
and not in the high-tide situation (P = 0.08). There was 
no evidence for a general broadening of distribution in the 
absence of potential competitors. This is shown by the 
general similarity of the histograms between day-1 and 
day-20 situations for a given species. The second major 
point to be noted from the data presented in Figures 1-3 
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Littorina meleagris 



DAYS FOLLOWING REMOVAL OF OTHER SPECIES 
Figure 3 


Temporal changes in distributional patterns of Littorina meleagris 
at high and low tides on limestone blocks in Barbados, W.I. Each 
point represents the mean of 70-159 animals for the high-tide 
curves and 54-184 animals for the low-tide curves. Probability 
levels (one-tailed format) are determined from the Mann-Whit- 
ney U statistic calculated from the total distribution represented 
by each mean value. Other details as specified for Figure 1. 

is that, with some exceptions, the positions occupied by 
these littorinid species changed between high and low tides. 
Thus, in all instances save the N. ziczac experimental 
group (Figure 2) the animals moved upwards at high tide 
(considering the day-20 positions only; differences, how¬ 
ever, were significant at P = 0.05 for only N. tuberculata, 
experimental and control groups, and L. meleagris , control 
group; Mann-Whitney U test). At the same time there 
appeared to be no discernible change in the pattern of 


distribution of any of the littorinid species between spring- 
and neap-tide series. This may have been because the wave 
swash, extending almost the full height of the block (2.25 
m above MLLW) on even moderate daily tides, would 
have obliterated such tidal effects. Change in abundance 
of a littorine species in response to absence of a possible 
competing species was not specifically investigated in this 
study. However, based on visual comparison of day-1 and 
day-20 histogram widths indicating numbers of littorines 
in 30-cm band heights for a given species (Figures 1-3), 
survivorship was good in all plots. 

Limpet-Littorine Interactions 

On the lowest part of the limestone blocks (0.45-1.00 
m above MLLW) the distribution of the limpet Acmaea 
jamaicensis closely overlapped the distribution of the small¬ 
est littorine Littorina meleagris. Competitive interactions 
could include space, as both species preferentially occupied 
depressions in the limestone blocks, or food, or both. 

To assess whether competitive interactions between Ac¬ 
maea jamaicensis and Littorina meleagris were occurring, 
nearest-neighbor techniques were employed (Clark & 
Evans, 1954) in the following situations: (1) in the absence 
of limpets, (2) in the absence of littorines (only L. meleagris 
is present at this low-intertidal level), (3) where limpets 
were present in twice their original abundance, (4) where 
littorines were present in twice their original abundance, 
and (5) in a control area where each species was present 
in its original abundance. The nearest-neighbor method j 
as employed here involved measuring distances from given 
individuals to their nearest-neighbors (conspecifics), and 
allowed the degree of aggregation or spacing of the pop¬ 
ulation to be estimated. 

The study was conducted on the second of the limestone 
blocks. Five areas of roughly 36 x 38 cm were delineated 
and each area separated from the next by a 2-cm wide 


Table 1 


Summary of nearest-neighbor data for populations of the limpet Acmaea jamaicensis and littorine Littorina meleagris under 
the control and experimental conditions shown. The statistic R is the ratio of mean nearest-neighbor distances observed, 
to mean nearest-neighbor distances expected, in an infinitely large random distribution. P indicates the probability of 
there being no difference between the observed spacing and randomness (F-test of variance ratios). 


Condition 


Acmaea 

jamaicensis 



Littorina meleagris 


Observed 

nearest- 

neighbor 

distances, 

x cm 

Theoret¬ 

ical 

expected 
nearest- 
neighbor 
distances, 
x cm 

R 

P 

Observed 

nearest- 
neighbor 
distances, 
x cm 

Theoret¬ 

ical 

expected 
nearest- 
neighbor 
distances, 
x cm 

R 

P 

Control 

4.3 

4.2 

1.02 

0.86 

4.0 

5.0 

0.80 

0.16 

Limpets absent 

— 

— 

— 

— 

3.1 

5.3 

0.58 

<0.01 

Littorines absent 

3.0 

3.3 

0.91 

0.36 

— 

— 

— 

— 

Twice limpet density 

2.8 

2.6 

1.08 

0.52 

4.0 

4.6 

0.87 

0.36 

Twice littorine density 

3.5 

3.7 

0.95 

0.70 

2.1 

3.6 

0.58 

C0.001 
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border cleaned of all organisms. Plots were randomly as¬ 
signed and densities adjusted based on numbers of each 
species present in the control plot. Some variation in num¬ 
bers occurred in the 2-day period between the time of initial 
adjustment of densities and when the nearest-neighbor data 
were recorded. However, as no plot showed differences 
exceeding 15% of the assigned density over the two days, 
this variation was considered acceptable. The nearest- 
neighbor data were recorded at low tide from all animals 
in each plot. Measurements were taken from the apex of 
each limpet or from the center of the largest shell whorl 
of each littorine. 

Table 1 gives the response of each species, measured as 
mean nearest-neighbor distances, to (1) the absence of the 
other species, (2) twice the original density of the other 
species, and (3) control conditions. The statistic R, the 
ratio of the mean nearest-neighbor distances observed to 
the mean nearest-neighbor distances expected in an infi¬ 
nitely large random distribution of a particular density, 
provides a measure of degree of aggregation (Clark & 
Evans, 1954). Where distributions are random, R = 1; 
where distributions are maximally aggregated, R = 0; and 
where distributions are maximally spaced, R = 2.1491. In 
the present study the limpets were distributed randomly 
in the control plot ( R = 1.02, P = 0.86, i^-test) and in all 
experimental plots (R values of 0.91, 1.08, and 0.95 under 
conditions where littorines were absent, where limpets were 
in twice their original density, and where littorines were 
in twice their original density, respectively). An ANOVA 
showed no significant differences between degree of spac¬ 
ing in these four limpet populations (P > 0.50). In contrast, 
the littorines responded to differences in density of the 
limpets by tending to disperse more widely under condi¬ 
tions of higher limpet-to-littorine densities (R values of 
0.80 and 0.87 in the control plot and twice-limpet-density 
plot, respectively; these values, however, were not signif¬ 
icantly different from random, a = 0.05; see Table 1), and 
tending to aggregate more closely under conditions of lower 
limpet-to-littorine densities (R value of 0.58 for each of 
“limpets-absent” plot and “twice-littorine-density” plot; 
P < 0.01 and < 0.001, respectively). However, an AN¬ 
OVA to test for differences in nearest-neighbor spacing in 
these four populations of littorines showed no significance 
(P > 0.50). 

In summary, then, studies on intraspecific spacing in 
these limpet and littorine populations showed that the 
limpets were behaving independently of the littorines, while 
the littorines were tending to aggregate more when den¬ 
sities of limpets were lower, and tending to disperse more 
when densities of limpets were higher (noting that differ¬ 
ences from randomness were not significant for the litto¬ 
rines). 

Survival of Littorines in Air 

Only one of the three littorinid species studied, Littorina 
meleagris, lives in the intertidal zone; the other two species 


live in the supratidal area of the shore. Thus, in theory, 
while L. meleagris would be exposed to air some 90% of 
the time (as calculated from tidal charts for the 20-day 
study), the higher-dwelling species, Nodilittonna tubercu- 
lata and N. ziczac, would spend all of their time in air. In 
fact, wave action and spray wets all three species during 
most high tides. Only on extreme low tides, where the force 
of the waves is dissipated by the protective beachrock plat¬ 
form lying in front of the limestone blocks, would the three 
littorinid species be fully exposed to air. 

Survival of the three species of littorines in dry air was 
measured by keeping animals in a 30-cm diameter desic¬ 
cating flask over CaCl 2 and removing samples of each 
species at periodic intervals to test for recovery in seawater. 
For convenience in handling and to ensure that the snails 
did not clump together or change their orientation after 
placement in the flask, they were attached to standard glass 
microscope slides in sets of 10 of each species. Each animal 
was secured with plasticine at the largest shell whorl such 
that the snail was positioned with its aperture facing down¬ 
wards onto the glass slide. The snails were arrayed on 
each slide in two evenly spaced rows of five. The size range 
of each species corresponded to average adult size, and 
snails were selected within as narrow a range as possible. 
The size ranges chosen were 11-13 mm (shell height) for 
Nodilittorina tuberculata, 10-12 mm for A. ziczac , and 5- 
6 mm for Littorina meleagris. Temperatures in the desic¬ 
cator ranged from a maximum of 31°C during the day to 
a minimum of 26°C at night. Humidity was not measured, 
but was considered to be close to zero in the flask. At 3-day 
intervals (or slightly longer in a few instances) a microscope 
slide with its attached animals, one slide for each species, 
was removed from the flask. The animals were gently 
released from their mucus fastenings and placed in fresh 
seawater at room temperature (28°C). After 24 h the num¬ 
ber of each species alive was recorded. When it was dis¬ 
covered that the lowermost intertidal species L. meleagris 
suffered almost 100% mortality in the first 3-day period, 
the procedure for this species was modified to test sets of 
animals at 8-h intervals over a 72-h period. 

Figure 4 shows the percentage survival of each species 
in the desiccator flask. After 32 and 31 days the two su¬ 
pratidal species Nodilittorina tuberculata and X. ziczac had 
suffered about 25 and 75% mortality, respectively. In com¬ 
parison, the lower-dwelling intertidal species Littorina 
meleagris had suffered almost 100% mortality in 3 days. 
The experiment was terminated after 32 days. 

It should be noted that a second experiment, namely 
testing survival of fully immersed animals, produced no 
mortality in any of the three species over a 2-week period. 

Comparative Ctenidial Morphology of the 
Three Littorinids 

Initial observations of the mantle cavity of the three 
littorinids showed differences in the ctenidium structure 
which extends across the roof of the mantle cavity (Figure 
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Figure 4 

Percentage survival of Nodilittorina tuberculata, N. ziczac, and 
Littorina meleagris in dry air at 26-31°C. Each point represents 
the percentage of a set of 10 animals still alive after a 24-h 
recovery period in seawater. 

5). Whole-mounts of individual ctenidial filaments taken 
from the broadest region of the ctenidium showed that in 
all three species there was a triangular region lateral to 
and left of the efferent branchial vessel where the epithe¬ 
lium consists of ciliated cells interspersed among cells ex¬ 
hibiting secretory activity (Figure 5). The latter are pre¬ 
sumably mucus-producing cells, and this region of the 
ctenidium is thought to function in moving a water current 
across the surface of the ctenidium as well as in trapping 
and removing suspended matter entering the mantle cavity, 
as occurs in a wide variety of gastropods with aquatic 
gaseous exchange (Fretter & Graham, 1962). In Lit¬ 
torina meleagris, the entire ctenidium exhibits this cellular 
structure, while in Nodilittorina ziczac and N. tuberculata, 


two regions can be distinguished in the ctenidium: a row 
of triangular filaments as described above (Figure 5) and, 
extending from this region, a row of sickle-shaped fila¬ 
ments spanning the mantle roof. The ventral surface of 
the latter region in both species is vascularized, and ciliated 
and secretory cells are absent. This part of the ctenidium 
is presumably important in aerial respiration. 

To quantify these observed morphological differences, 
21-23 specimens were selected from each species to include 
the entire size range of the population. These were an¬ 
aesthetized in a 10% w/v solution of MgCl 2 in seawater 
for 24 h, then killed in the relaxed state by slow addition 
of 8% seawater-formalin solution to the narcotizing fluid. 
They were preserved in formalin, decalcified in a 10% 
solution of nitric acid, and then washed in three changes 
of distilled water. The ciliated and non-ciliated (if present) 
components of each ctenidium were carefully dissected out, 
and these two parts and the rest of the body were dried 
separately to constant weight at 80°C, and weighed. 

The relationships between dry weights of the two ctenid¬ 
ial components and total shell-free dry body weight for 
the three species are shown in Figures 6 and 7. It is 
apparent that Littorina meleagris has the largest relative 
ciliated gill weight (dry weight of ciliated gill: dry weight 
of shell-free body) and thus, presumably, the greatest sur¬ 
face area of this component (here considered as an organ 
for aquatic gaseous exchange). Differences in relative cil¬ 
iated gill weights and relative non-ciliated gill weights were 
tested between species pairs using a Mann-Whitney U 
test, with results shown in Table 2. From these results we 
conclude, (1) that L. meleagris differs from the other two 
littorinid species in having a significantly larger relative 
ciliated gill weight {P < 0.001 for comparisons of L. 
meleagris with each of the other two species; Table 2), (2) 


Nodilittorina 

tuberculata 


Nodilittorina 

ziczac 


Littorina 

meleagris 



Non-ciliated 
Vascularized 
region 



Osphradium 


Efferent 

branchial 

vessel 


Ciliated & 
secretory 
region 



Figure 5 


The morphology of the mantle roof of Nodilittorina tuberculata, N. ziczac, and Littorina meleagris, with detail of a 
ctenidial filament of each species taken from the broadest region of the ctenidium. 
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The relationship between ciliated gill dry weight and whole body 
dry weight in Nodilittorina tuberculata (n = 23, closed circle), N. 
ziczac ( n = 23, triangle), and Littorina meleagris (n = 21, open 
circle). Equations of regressions, log Y = log a + b log X: N. 
tuberculata: log a = —2.0365, b = 0.9372, r = 0.91; N. ziczac: log 
a = —2.0930, b = 0.9736, r = 0.86; L. meleagris: log a — —1.7104, 
b = 1.1799, r = 0.87. All slopes are significantly different from 
0 (P < 0.001). 

that there are no significant differences between Nodilit¬ 
torina tuberculata and N. ziczac with respect to the ciliated 
component of the ctenidium (P > 0.50), and (3) that N. 
tuberculata has a significantly larger relative non-ciliated 
gill weight compared to N. ziczac (P < 0.001). 

DISCUSSION 

Vertical distribution patterns of intertidal gastropods are 
regulated by a number of environmental factors. Inter¬ 
specific competition, resistance or tolerance to desiccation 
and immersion, and morphological variation in relation to 
possible differential modes of gaseous exchange have been 
investigated in this study. We have assumed that in the 
absence of interspecific competition, each of the three lit- 
torinid species would occupy a “preferred” intertidal zone, 
the height and dimensions of which would be determined 
by other environmental constraints. Hence, any changes 
in distributional patterns resulting from removal of other 
littorinid species living in the same environment may have 
been indicative of interspecific competition. 

Apart from the case of Nodilittorina ziczac at high tide, 
all experimental manipulations yielded significantly dif¬ 
ferent distributional patterns in the littorines after a 20- 
day period. The observed differences occurring at low tide 
could imply that species were competing for shelter sites. 
Displacement at high tide, on the other hand, could imply 
that competition was arising from activities such as feeding, 
either through species interfering with one another during 



The relationship between non-ciliated gill dry weight and whole 
body dry weight in Nodilittorina tuberculata ( n = 23, closed circle) 
and N. ziczac ( n = 23, open circle). Equations for the regressions, 
log Y = log a + b log X: N. tuberculata: log a = —1.9228, b = 
0.9586, r = 0.84; N. ziczac: log a = —2.3597, b = 1.1289, r = 
0.83. Both slopes are significantly different from 0 (P < 0.001). 

foraging excursions or competing for actual food items. 
Removal experiments carried out on the limpet species- 
pairs Collisella paradigitalis ( =Lottia strigatella) and C. digi¬ 
talis ( =Lottia digitalis) (Choat, 1977), and C. digitalis and 
“ Collisella ” scabra (Haven, 1973) resulted in displacement 
and differential growth rates, respectively, demonstrating 
in the first instance, at least, that similar competitive pro¬ 
cesses may have been occurring in these limpets as in our 
tropical littorines. In addition, our analyses of nearest- 
neighbor distances for Littorina meleagris and Acmaea ja - 
maicensis suggested that the pattern of dispersion in the 
former species was responsive to manipulation of the den¬ 
sities of the latter. 

While the present study has indicated possible effects 
of interspecific competition on distribution, the lack of 
replication in the experiments must be kept in mind. Po¬ 
sition effects on the block, and possible fence effects and 
border interactions, could all have influenced the results. 
Also, little information is provided on the resource or re¬ 
sources for which the sympatric species may be competing. 
Additionally, while our experiments on the three littorinids 
demonstrate a displacement in vertical patterns of distri¬ 
bution, the effects of the manipulations on the dispersal of 
the species-pair Acmaea jamaicensis and Littorina meleagris 
indicate that other interactions may be occurring. In this 
regard, Schoener (1983) found the traditional classifi¬ 
cation of competition into “exploitative” and “interfer¬ 
ence” types unsatisfactory, and proposed a new division 
into six classes. Of these, “overgrowth" competition may 
be ignored in this study, as all species under investigation 
were motile. There was also no evidence of “chemical" 
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Table 2 

Ratio of dry gill weight to dry body weight in the littorines 
Nodilittorina tuberculata, N. ziczac, and Littonna meleagris, 
with values of Z indicated for Mann-Whitney U tests on 
each species pair. Statistics for both ciliated and non-cil- 
iated portions of the gills are shown. 


Species 

Dry 

gill 

weight: 
dry 
body 
weight 

Z value 
(Mann- 
VVhitney 

U test) 

P 

Ciliated 

Nodilittorina tuberculata 

0.0083 1 

0.52" 


>0.50 

N. ziczac 

0.0081 

1 

i 

5.62 

<0.001 

Littorina meleagris 

0.0227 J 

1 5.50_ 


<0.001 

Non-ciliated 

N. tuberculata 

N. ziczac 

0.0118' 

0.0065 

3.90 


<0.001 


competition, as individuals of different species were ob¬ 
served to touch one another without any apparent escape 
or urticating reactions being elicited. There is a strong 
possibility that “preemptive” (passive occupation of space) 
and/or “consumptive” (consumption of a common food) 
competition may occur among the four species examined 
in this study, and the nearest-neighbor information ob¬ 
tained for A. jamaicensis and L. meleagris indicate the fur¬ 
ther possibility of “territorial” and “encounter” competi¬ 
tion as defined by Schoener (1983). The basis for this 
conjecture is that while A. jamaicensis in high densities 
tended to increase intraspecific dispersal in L. meleagris, a 
reciprocal effect was not noted. Casual observations on 14 
marked A. jamaicensis occupying identified resting sites at 
low tide indicated that 11 of them remained in the same 
position at low tide after a period of three days. This 
suggests that if these individuals had been foraging for food 
during that period, 79% had returned to a “home” site. 
Territorial defense of home ranges has been recorded for 
the acmaeid limpets “ Collisella ” scabra (Sutherland, 1970) 
and Lottiagigantea (Stimson, 1973) and for the pulmonate 
limpet Siphonaria kurracheensis (Black, 1979). A similar 
process in A. jamaicensis could account for the apparent 
random distribution of this species regardless of its own 
density, and for the unilateral influence of this species on 
Littorina meleagris, for which territorial behavior was not 
apparent. 

While all four species under investigation were grazing 
on algae, some degree of specialization was apparent in 
Nodilittorina tuberculata which consumed mostly a thick- 
walled unicellular alga inhabiting the high intertidal levels. 
There was no further evidence of food partitioning among 
the four species. Thus, had food become a limiting factor, 
competition should have occurred. The shift in distribu¬ 
tional patterns occurring between experimental and con¬ 


trol snails at high tide unfortunately provides no direct 
evidence for either an interference type of competition, 
perhaps during feeding excursions, or an exploitative type 
of competition for common food resources. 

While competitive effects were demonstrated amongst 
these four species of gastropods, changes in vertical dis¬ 
tribution following the removal of competitively dominant 
species were not as large as might be predicted on the basis 
of the amount of space made available (“preemptive” com¬ 
petition), and presumably food made available (“con¬ 
sumptive” competition). Thus, in the absence of compet¬ 
itors, neither species of Nodilittorina descended to the lowest 
level of the experimental block, despite the greater variety 
of food there. Furthermore, Littorina meleagris only moved 
upwards 30 cm in the absence of the other species and 
thus did not occupy all the available space. Our findings 
apparently contrast those of Dayton (1971), Menge 
(1976), and others in studies of temperate rocky shores 
where space has been demonstrated to be a limited re¬ 
source. 

Predation has been shown to influence the lower limits 
and patterns of distribution in a number of intertidal species 
(Connell, 1961; Paine, 1971, 1974; Lubchenco & 
Menge, 1978; Menge, 1976; Garrity & Levings, 1981) 
and the possibility that Nodilittorina tuberculata and N. 
ziczac were similarly regulated cannot be ignored. In this 
regard, Hamilton (1976) suggested that upshore migra¬ 
tion of Littorina irrorata was an escape reaction to predation 
by the portunid crab Callinectes sapidus, and McQuaid 
(1982) proposed that the gastropod Oxystele variegata mi¬ 
grated upshore to the degree that its tolerance to aerial 
exposure would allow as an escape response to predation 
by the whelk Burnupena delalandii . In the Six Men’s Bay 
study area, species closely related to those commonly iden¬ 
tified as predators of Littorina spp. (see Pettitt, 1975) 
were either not present or occurred only sporadically. For 
example, three species of Thais (Muricidae) recorded in 
Lewis’ (1960) faunal description of western Barbados coasts 
were rarely encountered. Although predation by fishes at 
high tide was a strong possibility (McCormack, 1982), 
the dominant presence of L. meleagris, a much smaller and 
softer-shelled species, in the lowest intertidal level of the 
experimental block provided circumstantial evidence that 
predation by fish at high tide was unlikely to be of major 
importance. Furthermore, the downward migration of N. 
tuberculata after experimental manipulation did not result 
in a significant progressive reduction in numbers within 
the total plot area throughout the course of the experi¬ 
mental period, which was to be expected if downward 
migration resulted in increased susceptibility to predation 
at high tide. 

The apparent avoidance by Nodilittorina tuberculata of 
low intertidal regions may have been related to a preference 
for unicellular algae (comparatively less abundant in the 
lower intertidal regions) or to a greater reliance by this 
species on an aerial mode of oxygen uptake. Examination 
of the mantle cavity revealed that both of the higher level 
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species N. tuberculata and N. ziczac had two components 
making up the ctenidium, apparently adapted to each of 
aerial and aquatic gaseous exchange, respectively (Figure 
5). (In comparison, the lowermost species Littorina melea¬ 
gris lacked the non-ciliated or aerial portion of the gill 
entirely.) This morphological development may have lim¬ 
ited the degree of aquatic gaseous exchange in these up¬ 
permost species, leading to an avoidance of lowei* shore 
levels and the associated long periods of immersion. Al¬ 
though periods of immersion of 14 days did not result in 
death in any of the species, the condition of the animals 
was not monitored. Further research would be needed to 
examine the degree of differential reliance on aerial and 
aquatic respiration in these littorinid species. 

Our investigation on zonation patterns of the three species 
of littorinids accords with Bandel’s observations (1974) 
on the same species from a number of sites in the Atlantic. 
This consistency in zonation pattern, together with data 
presented here showing an increased tolerance to desic¬ 
cation, as well as a tendency for morphological modifica¬ 
tions in the mantle cavity in those species occupying high 
intertidal levels, indicate that physical stresses associated 
with aerial exposure may limit upper distribution. Ver- 
meij (1973) also found morphological gradients in in¬ 
creased shell sculpture and relative spire height among 
intertidal tropical littorinids as intertidal heights increased, 
and considered that these features increased the snails’ 
tolerance to water loss and heat stress associated with their 
high intertidal life. However, if as Wolcott (1973) has 
hypothesized, intertidal gastropods are invariably zoned 
just below the limits of their tolerance to various environ¬ 
mental factors, then deaths resulting from such stresses 
that act to limit upper distributions of a species may occur 
only rarely. Each of the three littorinids tested in the pres¬ 
ent study showed tolerance to desiccating circumstances 
that exceeded the tolerance required for survival in the 
uppermost region of their distribution. Thus, wave splash 
on the experimental block would ensure that Littorina 
meleagris would experience exposure to air for only brief 
periods during each tide, while both species of Nodilittorina 
would experience wetting at least during spring tides, the 
intervals between these being considerably shorter than 
that required to achieve significant mortality in the lab¬ 
oratory experiment (Figure 4). While these results offer 
some support to the notion that desiccation may be setting 
upper limits of distribution of these tropical littorinids, 
especially for L. meleagris , we must heed Underwood’s 
(1979) caution that field experiments are necessary to es¬ 
tablish firmly the critical limits of tolerance of a species to 
physical stresses. 

Much information is currently available on the struc¬ 
turing of intertidal communities on temperate shores, par¬ 
ticularly on the interplay between the relative importance 
of physical factors and various biological factors, such as 
predation and competition ( e.g. } Dayton, 1971; Connell, 
1961, 1975; Menge, 1976; Black, 1979). However, there 
are fewer comparable reports on tropical littoral systems, 


especially with regard to long-term studies on competition 
(see Levings & Garrjty, 1983). Owing to significant 
differences in physical and biological properties between 
temperate and tropical systems (see Branch, 1976; 
Garrity, 1984), generalizations made on the basis of stud¬ 
ies in one may not apply to the other, and more research 
will be needed to unravel the role that competition plays 
in the structuring of intertidal systems in the tropics. 
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